Soursop is an unexploited fruit with numerous health benefits. Its underutilization is attributable to its rapid softening and ripening, which leads to great postharvest loss. The current study was carried out to formulate a functional drink from blends of soursop, milk and honey and also to assess the phytoconstituents of the beverages. The proximate composition, physicochemical, antioxidant, sensory and microbial properties of the formulated drink were evaluated. The formulated milkshake exhibited a significant ascorbic acid content which was above 50% of the recommended daily requirement for both adult and children. The soursop fresh extract (SFE) showed high antioxidant activity which qualifies it as a functional drink. The incorporation of milk to the soursop drink also produced a high flavonoid content and antioxidant properties (DPPH • scavenging activity). The soursop fresh extract and drink with 30% milk inclusion had high sensory acceptability and showed no significant difference to the market sample (control). The richness in ascorbic acid, high phenolic content and antioxidant activity of the formulated drink suggests it may be an important source of antioxidants and could be used as a functional drink for mediation in health-related issues.
Introduction
Tropical fruits have been used to produce several products which have gained global importance over time owing to their characteristic exotic aroma and colour [1] . There are a number of these fruits readily available for utilization, including orange, grape, pineapple, banana, guava and watermelon. The use of these fruits depends on the intended product (juice, drink, jam etc.). Juices produced over the years had been done using a fruit or combination of fruits depending on the choice of the producer or even with regard to consumer demand. Fruits possess antioxidant capacities as they often serve as scavengers of free radicals, thus preventing oxidative damage. Studies have also shown that fruits possess anticancer and antioxidant capabilities [2] . The consumption of fresh fruit extracts or drinks is increasing all over the world and this is attributable to the perception that they contribute to a healthy diet and are good sources of vitamins and minerals as well as having the ability to reduce the risk of many diseases.
Soursop (Annona muricata L.) is a tropical fruit belonging to the Annonaceae family with a characteristic unique aroma and flavour [3] . It is an exotic fruit that is recognized for its very pleasant, sub-acid, aromatic and juicy flesh [4] . The fruit is an important source of vitamins, minerals and dietary fibre [5] . Soursop fruit is often eaten raw or occasionally extracted and consumed as fresh soursop juice; consequently, the fruit is grossly underutilized and unexploited. Similar to many other tropical fruits with short shelf lives, soursop fruit softens very rapidly during ripening and becomes mushy and difficult to consume fresh. Extreme injury resulting from postharvest handling or uneven shape and size is responsible for rejection by buyers [4] . Processing into juice, drinks, beverages or other related products capable of preserving the nutritional and health benefits is of great importance to minimize postharvest loss and maximize its potential in the food processing industry. The processing and consumption of soursop is of increasing interest owing to the functional and beneficial claims from several quarters. However, commercial utilization of soursop products is uncommon. Sweeteners are often incorporated into fruit drinks to improve sensory appeal. Honey is a complex nutritional sweetener, composed primarily of carbohydrates (60-85%) and small amounts of other compounds [6] . Honey also possesses antioxidant capacity, phenolics and organic acid compounds which makes it valuable in the treatment of many diseases [7] . Previous studies have successfully evaluated the nutritional composition of a formulated drink from several other fruits, such as African star apple [8] , pineapple [9] , and custard apple [10] . So far, there is limited information on the antioxidant properties of soursop drink or milkshake. Hence, the current study seeks to evaluate the nutritional composition and antioxidant properties of a formulated soursop drink.
Materials and Methods
Mature soursop (Annona muricata L.) fruits, sugar and filled milk powder were purchased from Oba market in Akure, Ondo State, Nigeria. Honey was purchased from Ondo State Sunshine Honey and Agro Industries Limited, Akure, Ondo State. The fruits were sorted from a selection of several matured fruits, which were determined by their dark green skin with smooth numerous fleshy spines. All reagents used were of analytical grade.
Preparation of Soursop Drink
Soursop drink was produced according to the modified method of Ndife et al. [11] . The pulp was obtained by allowing the matured fruit to ripen for five days at 25 • C. The drink was produced from different blends of soursop extract, milk, honey and sugar syrup, as outlined in Table 1 . The formulated milkshake was bottled, pasteurized at 95 • C for 5 min, cooled and stored at 4 • C prior to analyses. 
Determination of Physicochemical Properties
pH was measured using a standardized pH meter (Hanna instruments, HI 8314 membrane pH meter). The amount of total soluble solids (TSS) was determined using a bench type Abbé refractometer (0-32 • ) ATAGO N1 (model 2313 MASTER-M) and expressed as o Brix.
The ascorbic acid content was determined using the oxidation-reduction titration method, as described by Mau et al. [12] . Briefly, 10 mL of 3% metaphosphoric acid was added to 5 mL of sample and filtered to remove possible protein interference. The filtrate was then titrated against freshly standardized 2, 6-dichloroindophenol (DCP). The standardization was with 10 mL of standard ascorbic acid from Natural Health Direct (OxyMin ® , Krpan Enterprises, Queensland, Australia).
The total titratable acidity (TTA) was determined, as described in AOAC [13] . An aliquot (10 mL) of the sample was pipette into a test tube and two drops of phenolphthalein indicator was added and thoroughly shaken. The mixture was titrated against 0.1 M NaOH until a change in colour was observed, and then, acidity was calculated.
Determination of Proximate Composition
Determination of the proximate composition of the fresh extract and formulated drink was carried out. Protein, ash, crude fibre, fat and moisture contents were determined as described in AOAC [13] , carbohydrate was calculated by difference.
Evaluation of Antioxidant Properties
The free radical scavenging ability of the soursop drink against DPPH (1, 1-diphenyl-2-picryhydrazyl) was evaluated using the method described by Gyamfi et al. [14] . Briefly, the appropriate dilution of sample (1 mL) was mixed with 1 mL of 0.4 mM methanolic DPPH solution. The mixture was left in the dark for 30 min, and absorbance was measured at 516 nm.
The total flavonoid content of the soursop drink was determined using a colorimeter assay developed by Bao et al. [15] . An aliquot (0.2 mL) of the drink was added to 0.3 mL of 5% NaNO 3 at zero time. After 5 min, 0.6 mL of 10% AlCl 3 was added and after 6 min, 2 mL of 1 M NaOH was added to the mixture, followed by the addition of 2.1 mL of distilled water. Absorbance was read at 510 nm against the reagent blank.
The total phenolic content (TPC) was determined according to the modified Folin-Ciocalteau method [16] . Briefly 0.2 mL of diluted soursop drink was added to 1 mL of Folin-Ciocalteau reagent (prediluted 10-fold with distilled water) and shaken well. The mixture was allowed to stand at room temperature for 8 min. Then, 0.8 mL of sodium carbonate (7.5%) was added to the mixture, shaken and left at room temperature for 30 min. Absorbance was measured at 765 nm in a spectrophotometer (Ultrospec 4300 Pro UV/Vis, Amersham Biosciences, NJ, USA). The TPC was assessed by plotting the gallic acid calibration curve and expressed as milligrams of gallic acid equivalents per mL of sample.
The reducing property of the soursop drink was determined as described by Pulido et al. [17] Aliquot (0.25 mL) of the soursop drink sample was mixed with 0.25 mL of 200 mM sodium phosphate buffer (pH 6.6) and 0.25 mL of 1% KFC. The mixture was incubated at 50 • C for 20 min; thereafter, 0.25 mL of 10% TCA was also added and centrifuged at 2000 rpm for 10 min; then, 1 mL of the supernatant was mixed with 1 mL of distilled water and 0.1% of FeCl 3 , and the absorbance was measured at 700 nm.
Microbiological Analysis
The total plate count was evaluated using the standard plate method [18] . An aliquot (25 mL) of soursop drink was mixed with 225 mL of sterile buffered peptone water. A serial dilution for each sample was made using sterilized, buffered peptone water up to 10 −2 dilution. Dilutions of 10 −1 and 10 −2 were surface spread onto duplicate sterile plate count agar (PCA) (70152 Sigma-Aldrich, Germany) and incubated at 37 • C for 24 h, after which colony-forming units were counted. Yeast and mould counts were enumerated according to Harrigan and MacCance [19] using potato dextrose agar. The plates were incubated at 25 • C for 72 h, and the spore-forming units were counted.
Sensory Evaluation
Sensory evaluation of the formulated drink was carried out as follows. Twenty (20) panellists experienced in the evaluation of fruit drink and milkshakes were chosen for the assessment of the sensory attributes of soursop drink. A 30 min training session was conducted to evaluate the use of the attributes by the panellists during the sensory analysis. The sensory attributes allowed the differentiation of samples in terms of appearance (colour), texture (viscosity, consistency/flow), flavour (flavour and aroma) and taste (palatability). Samples were coded and served to the panellists for independent evaluation; all sensory attributes assessed by the panellists were rated using a 9-point hedonic scale (1 = dislike extremely, 9 = like extremely).
Statistical Analysis
Data was generated in triplicate and subjected to Analysis of Variance (ANOVA) using Statistical Package for Social Sciences (SPSS) V. 17.0. The means were separated using Duncan Multiple Range Test (DMRT) at a 95% confidence level. Table 2 presents the physicochemical properties of the different soursop drink formulations. Microorganisms have optimal pH requirements for growth and proliferation. More so, the storage quality or shelf life of a fruit juice or drink is dependent on its pH. The pH values of the drinks ranged from 3.7 to 5.6. Soursop drink incorporated with 30% milk (SSM) had the highest pH value (5.6). The addition of milk to soursop extract caused an increase in pH. This could be due to the alkalinity of milk which caused the observed reduction in the acidity of the formulated drink. The obtained values were within the range of 3.0-5.0 reported by Akusu et al. [9] for fruit juices, pineapple juice (3.97), and orange juice (3.50). Yapo et al. [20] and Islam et al. [21] also reported similar values for pineapple juice and mango juice, respectively. An increase in pH was reported for sugar-apple pulp substituted with milk [22] . The pH values observed for the milkshakes were higher than those reported by de Moura et al. [23] for a milk drink flavoured with mangaba pulp (4.03-4.12). A low pH is favourable for microbial stability in juices; moreover, low pH values have been reported to inhibit bacterial growth in fresh, unpasteurized fruit juices [24] . The total titratable acidity (TTA) ranged from 0.25 to 0.52%. The fresh soursop extract (SFE) showed an average titratable acidity of 0.52% which is significantly higher than the value of 0.19% reported earlier by Othman et al. [5] for fresh soursop fruit. Obasi et al. [25] also reported a low TTA (0.10%) for laboratory-prepared orange juice. Soursop sweetened with honey (SSH) and soursop sweetened with sugar (SSS) showed significantly higher TTA values. This may be attributable to the low pH values observed in the drinks (SSH and SSS) which may have caused increased acidity levels. The result showed a correlation between pH (low) and total titratable acidity (high). SSM had the lowest titratable acidity, which correlates with the fact that the drink had the highest pH; hence, the low amount of acid in the food sample was neutralized by a strong alkali in the formulated drink.
Results and Discussion

Physicochemical Properties of Formulated Soursop Drink
The viscosity of the soursop drink formulations ranged from 0.40 to 0.92 dPa. Higher viscosities were observed in SSM (0.92 dPa) and SSMH (0.78 dPa) which could be attributed to the addition of milk. The incorporation of milk to the formulation may have caused a reduction in the free flow of the milkshake and consequently, increased viscosity. Chavan et al. [26] reported that the addition of whey improved the mouthfeel of drink as a result of increased beverage viscosity. This observation correlates with the findings of the present study, as the drinks containing milk solutions had higher viscosities.
The brix value ranged from 15 to 22 • Brix. The highest brix was recorded in SSM (with 30% milk incorporation). The high brix level may be a result of the high total solid content of milk. The total soluble solids observed in fresh extract (SFE) was higher than the value of 12.83 • reported for soursop pulp by Orsi et al. [27] , and this may be attributable to the level of fruit ripeness and geographical variation. The present result is similar to the finding of Duarte et al. [22] , who reported a value of 23.67 • Brix for a blend of 75% Annona pulp and 25% milk. However, Bajwa and Mittal [28] reported a lower brix value (13.9 • ) for mango flavoured milk drink.
SFE had the highest ascorbic acid content of 44.00 mg/100 mL, which was higher than the average contents of 29.6 mg/100 g and 22.6 mg/100 g for soursop pulp previously reported by Waston and Preedy [29] and Badrie and Schauss [30] , respectively, but similar to the value of 42.38 mg/100 g reported for custard apple juice [31] . The ascorbic acid levels of the drink ranged from 28.67 to 32.92 mg/100 mL with SSMH having the highest ascorbic acid content. The ascorbic acid levels of the drinks were lower than the content observed for the fresh extract, which may be due to the introduction of other components to the formulated drink as well as the dilution ratios of these materials. The increase in the amount of ascorbic acid in the honey sweetened soursop drink corroborates the report of Chua et al. [32] that honey is rich in ascorbic acid; thus, honey may have contributed to the ascorbic acid content of the drink. The ascorbic acid content of the drinks is similar to the content reported for pineapple juice [9, 33] . Ascorbic acid prevents scurvy and protects the body against oxidative stress [34] . The high amount of ascorbic acid showed that the fruit is a good source of ascorbic acid as it could meet over 50% of the recommended daily intake of ascorbic acid for both adults (65 mg/day) and children (25 mg/day) [35] .
Proximate Composition of Formulated Drink
The proximate compositions of the soursop drink formulations are presented in Table 3 . The moisture contents of the soursop drinks ranged from 74.3 to 81.3%. Soursop fresh extract (SFE) had a lower moisture content (70.26%) while soursop sweetened with honey (SSH) had the highest. The higher moisture content observed in this drink may be attributed to the fact that the components are majorly water-based (water, honey, sugar solution). Othman et al. [5] reported a similar moisture content for soursop pulp, whereas other authors [29, 36, 37] reported higher values. The result for the moisture content of soursop drinks is similar to the amount reported for juice produced from the pulp of soursop [1] . The fat content ranged from 1.00 to 7.40%. SSM had the highest fat content which could be as a result of the addition of 30% of milk, a known high fat dairy product. SSMH also had a considerably high fat content (5.40%), equally connected to the incorporation of milk (10%). SSH and SSS showed low fat contents (1.00 and 1.40%, respectively) which could be due to the fact that soursop fruit is generally low in fat. This result corroborates the report of Onimawo [36] . The fat content of the soursop drinks without the addition of milk is low and almost negligible, as previously reported by Abbo et al. [1] and Onyechi et al. [38] . The low level of fat content of the drink suggests that it is a poor source of calories; however, it may be useful as a functional drink for weight management therapy.
The protein content followed a similar trend as the fat content of milkshakes. SSM (drink containing 30% milk) had the highest protein content (5.13%), closely followed by SSMH (drink containing 10% milk) (3.51%). The other drinks without milk, SSH and SSS, had lower protein contents of 2.0 and 2.6%, respectively. This implies that the nutrient composition of the drink was significantly improved by the incorporation of milk as fruit juice is generally a poor source of protein [39] .
The ash content ranged from 0.32 to 0.73% among the drink samples. The carbohydrate content on the other hand ranged from 11.36 to 17.54%, suggesting that the drink formulations may be a potential low-calorie milk-shake; likewise, they are a potential functional drink for blood pressure management therapy [40] . The energy value observed in this study showed that soursop drink sweetened with honey (SSH) had the least value; hence, it may be useful for weight management. The higher energy values obtained for the milkshakes (SSM, SSMH) may be attributed to the high fat content of the milk incorporated into the drinks.
Antioxidant Properties of Soursop Drink
Antioxidants acts as free radical scavengers and inhibit lipid peroxidation and other free radical mediated processes, thereby helping to protect the human body from several diseases attributed to the reactions of radicals [41] . Annona spp. has been reported as one of the tropical fruits that demonstrates significant antioxidant properties [42] . The DPPH radical scavenging activity of the drink formulation is presented in Figure 1 . The presence of antioxidants in the soursop drink was significant thus, the drink may possess possible beneficial potential as free radical scavenger. There was no significant difference (p < 0.05) in the DPPH radical scavenging activities of SSH (52.21%) and SSS (50.97%) which suggests that sweetener variation have not contributed to the radical scavenging activity of the drink. SSM had the highest DPPH radical scavenging activity (71.88%), attributable to the addition of milk to soursop extract which significantly (p < 0.05) increased the radical scavenging activity of the formulated drink. Similarly, the fresh extract (SFE) also had high scavenging activity (68.78%). Relative to the results of this study, Madurangi and Gunathilake [43] also reported a high DPPH radical scavenging activity for soursop pulp and beverage. The high DPPH radical scavenging activity observed in this study showed that despite variation, the formulated drinks were active in scavenging DPPH radicals. The high DPPH radical scavenging activity of SSM corresponds to its total phenolic content. Akomolafe and Ajayi [44] correlated the strong inhibitory effect of soursop on DPPH • to the presence of polyphenolic compounds which donate electrons to neutralize free radicals. Also, Bonoli-Carbognin et al. [45] reported a synergistic effect resulting from milk proteins binding with polyphenols, translating into increased antioxidant activity.
The antioxidant function of the drinks was also proven by their ferric reducing antioxidant power (Figure 2) . Fresh extract showed the highest ability to reduce Fe 3+ to Fe 2+ (0.08 mmol Fe 2+ /mg). Amongst the formulated drink, SSH had the highest ferric reducing antioxidant power (0.07 mmol Fe 2+ /mg) showing a double-fold reducing effect compared to the ferric reducing ability of SSS (0.03 mmol Fe 2+ /mg). This result suggests that the sweetener type significantly correlates with ability of the drink to reduce Fe 3+ to Fe 2+ . Thus, honey may be a better sweetener that is more capable of maintaining or boosting antioxidant activity of the formulated drinks. The results of antioxidant study revealed that the formulated drinks/milkshake can easily donate electrons capable of reacting with free radicals, thus terminating the chain reaction as well as creating a stable product and consequently, preventing oxidative stress-related diseases. Flavonoids are a large group of compounds that are widely distributed in plant foods. They have antioxidant properties which help to protect the body against cardiovascular diseases and some forms of cancer [38] . The antioxidant potential of the drink was also evaluated by total flavonoid and total phenol contents. Similar to other antioxidant properties, the fresh extract exhibited the highest flavonoid content (23.86 mg/g), and the soursop formulations with milk (SSM and SSMH) also had significant flavonoid contents of 22.54 and 22.08 mg QE/mL, respectively (Figure 3) . The presence of flavonoids in soursop drink is desirable as flavonoids display antioxidative properties via several mechanisms, including the chelation of metal ions, scavenging of free radicals and inhibition of enzymes that propagate the generation of free radicals [46] . Similarly, the formulated drink possessed a significant (p < 0.05) quantity of phenolics ranging from 9.68 to 22.30 mg GAE/mL. There was a similar trend for the total flavonoid content with SSS having the lowest total phenol content. A previous study [47] reported that phenolic antioxidants induce greater biological health-promoting effects than vitamins. Phenolic compounds exert scavenging effect on free radicals, thus displaying an antioxidative capability. Overall, the soursop drink sweetened with sugar syrup exhibited the lowest antioxidant activity while the soursop milkshake containing 30% milk (SSM) exhibited the highest antioxidant activity. 
Microbiological Assessment of the Soursop Drink Formulations
The microbial quality of the soursop formulated drink was evaluated to ascertain its safety by comparing the microbial load with bacteriological standards. The result revealed a total viable count (TVC) of 2.3 × 10 3 cfu/mL for sugar sweetened soursop drinks (SSS) while milk incorporated soursop drinks (SSM and SSMH) had TVCs of 4.5 × 10 3 and 2.5 × 10 3 cfu/mL, respectively (Table 4) . However, no visible growth was observed in the other samples. The total viable counts (TVC) of the drink samples were less than 1.0 × 10 5 cfu/mL which is the total plate count level permitted in food according to the Codex Alimentarius Commission (CAC) of the Food and Agricultural Organization (2003) . This low microbial population may be attributed to the positive effect of pasteurization in destroying microorganisms in liquid food products. A low pH is also known to favour microbial stability, which explains the low microbial populations observed in the drinks. However, a high pH favours yeast growth and this may be responsible for the highest microbial count (3.20 × 10 4 sfu/mL) observed in SSM (milkshake with highest pH of 5.6). The results from the microbial assessment of the formulated drinks suggests that they are safe for human consumption and not likely to cause any microbiological hazard. 
Sensory Attributes of the Soursop Drink Formulations
The sensory attributes of the soursop drinks from different blends of pulp, sugar syrup, honey and milk were evaluated using a nine-point hedonic scale ( Table 5 ). The drinks were evaluated for appearance, mouthfeel, aroma, consistency, and taste, as well as overall acceptability. For all the parameters evaluated, drink formulations, SSH, SSS and SSMH showed lower sensory attributes. However, SFE and SSM showed higher attributes while there was no significant difference (p < 0.05) in their overall acceptability when compared with VMD (control) which is a milk-based drink. The acceptability of SSM may be attributed to the addition of a higher percentage of milk (30%). 
Conclusions
Soursop as a tropical fruit showed good potential for use in the formulation of a functional drink. It also displayed potential for incorporating unique raw materials such as honey (a highly medicinal and nutritious food) and milk (to improve its mouthfeel, taste and to impart some creaminess) for value addition purposes. The increased protein content and significant antioxidant properties may increase the willingness of consumers to buy and consume the drink, thereby promoting its utilization and industrial processing as well as improved cardiovascular health of the consumers. 
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